SUMMARY Dysphagia is a frequent cause of referral for oesophageal manometry although the motor response to eating is not routinely studied. We examined symptoms and oesophageal motor patterns in response to eating bread in 30 patients with either gastro-oesophageal reflux (n=20), or normal oesophageal function tests (n=10). No patient experienced symptoms while swallowing water but one complained of heartburn and one developed symptomatic oesophageal 'spasm' during eating. In eight further patients, pain or dysphagia which occurred with swallowing bread was associated with aperistalsis. Comparing asymptomatic and symptomatic periods, there was a slight increase in mean swallow frequency from 7 5 (0.79) (SEM) to 9.0 (1P17) swallows per minute (NS; n=10). The mean number of aperistaltic swallows increased from 4-5 (0.96) per minute to 6.2 (1P30) (p<001; n=10). Aperistalsis during symptoms was mainly caused by non-conducted swallows rather than synchronous contractions (mean 5.8 (1P45) per minute compared with 1P2 (0.44)). Aperistalsis can be produced by rapid swallowing in the normal oesophagus through 'deglutitive inhibition'. These results suggest that some patients experience dysphagia associated with aperistalsis perhaps as a response to increased frequency of swallowing. Functional abnormalities of this nature will not be detected by conventional oesophageal manometry.
little investigation of oesophageal motility while eating normal food. We therefore investigated the effects of eating on oesophageal motility patterns and symptoms in 30 patients referred for oesophageal function studies. Ten had normal oesophageal tests by conventional criteria (group A), whilst the remaining 20 had evidence of gastro-oesophageal reflux (group B).
Methods

PATIENTS
Patients were selected from those referred for oesophageal function tests. All underwent upper gastrointestinal endoscopy, radionuclide oesophageal transit measurements, ambulatory oesophageal pH monitoring and manometric studies.
Radionuclide oesophageal transit measurements were performed in the supine position, using 10 ml water labelled with 99mTc as previously described. '6 A transit time of less than 15 seconds was taken as normal. 1179
All medication was stopped 48 hours before either manometry or 23 hour pH studies were performed. Ambulatory 23 hour pH monitoring was done using a glass pH electrode with a combined internal reference electrode (Radiometer, Copenhagen). This was positioned 3 cm above the upper border of the manometrically defined lower oesophageal sphincter. No restrictions were placed upon the patient's usual eating, drinking, or smoking habits. All patients were given a diary card on which to record the times of eating and drinking, the times spent recumbent and the occurrence of symptoms. A distal oesophageal acid exposure time of >7% of total recording time was considered abnormal. ' Distal oesophageal manometry was done after an overnight fast, using an Arndorfer system and a standardised technique.' 7 Lower oesophageal sphincter pressure was assessed by three 'rapid pull throughs'. Sphincter relaxation in response to dry swallows was assessed during a standard 'station pull through'. Distal oesophageal motility was measured by three recording channels situated 5, 10, and 15 cm above the lower oesophageal sphincter using 15 swallows of 5 ml of water at room temperature administered by a syringe at >15 second intervals. A fourth channel, situated 20 cm above the lower sphincter, recorded pressures in the upper oesophagus or sphincter and served as a swallow sensor.
After conventional manometry, the recording catheter was left in situ and the patients were asked to eat a slice of buttered bread whilst lying semirecumbent. Water was allowed as required. Swallows were identified by the swallow artefact produced in the proximal recording channel and confirmed visually and patients were asked to report any symptoms.
Of a total of 50 patients examined, 10 patients were identified who had normal endoscopy, conventional manometry and transit times and a total acid exposure time of <7.0%. These were designated as group A. Twenty patients were identified with gastro-oesophageal reflux (acid exposure time of more than 7% of recording time and/or endoscopic evidence of oesophagitis) -group B.
EXPRESSION AND ANALYSIS OF RESULTS
The mean amplitude (mmHg) of the first 10 contractions in the distal channel in response to swallowing water was measured. 'Double swallows' were excluded. Manometric abnormality was classified according to the system of Benjamin et all using normal values volunteers defined by Richter et al '7 using a similar technique.
Peristaltic waves were defined as contractions showing a continuous progression down the oesophagus and recorded sequentially in all four channels. Contractions that had a simultaneous onset within the distal three channels were regarded as synchronous. Non-conducted swallows were those that failed to produce a recordable pressure in the distal channel, above respiratory variation (approximately 20 mmHg). Swallows which either failed to conduct, or produced synchronous contractions in the distal oesophagus were considered aperistaltic.
Comparisons were made between swallow intervals, contraction amplitudes, the proportion of nonconducted swallows and the percentages of peristaltic and synchronous contractions in response to swallowing water and bread within each group (intragroup comparisons). The same parameters were also compared between the two groups for both water and bread swallows (intergroup comparisons).
ASSESSMENT OF SYMPTOMS
In those patients who experienced symptoms while eating, one minute periods starting 30 seconds before the reporting of symptoms, were compared with an arbitrary control period of one minute starting 60 seconds after the commencement of the recording. (If symptoms occurred during this period, the first continuous one minute symptom free interval was taken as the control period.) Any The mean ages of patients in the control and reflux groups were 44 (10.9) SD years and 49-8 (13.7) years, respectively. The male to female ratio was 3:2 in the control and 2:3 in the reflux group. All patients presented with epigastric and/or chest pain or discomfort. Three of the patients in group A had odynophagia and two had dysphagia. Ten of the reflux patients (group B) complained of odynophagia and 11 of dysphagia. Only one of the reflux group had a total acid exposure time of less than 7% (600%), though she had endoscopic evidence of oesophagitis. In the reflux group, seven patients had oesophagitis and two more had a Barrett's oesophagus. Four of Table 3 summarises the patients' symptoms during conventional manometry and whilst eating. (Fig. 1) . In the remaining two, who experienced pain and dysphagia, and the remaining six with dysphagia alone, symptoms were associated with an increase in the percentage of 1t 1 t aperistaltic swallows. Direct observation of the patients suggested that the aperistalsis preceded the perception of dysphagia or pain. The findings in the 10 symptomatic patients are shown in Table 4 and Figure 2 .
Mean swallow frequency during periods of pain or dysphagia was slightly increased compared with control periods (from 7-5 swallows per minute (0.79) to 9.0 (1.17)). Although this difference was not statistically significant (p=0.44), significantly more swallows were aperistaltic during episodes of dysphagia, than during control periods (77.4% (4.7) compared to 53-1% (8.5): p<0-01). The duration of periods of aperistalsis almost doubled from 17-5 (2.5) seconds during the control, to 33-2 (3.67) during the symptomatic periods (p<0-01).
An example of aperistalsis in association with dysphagia is shown in Figure 3 (patient 21). The three episodes of dysphagia experienced by this patient were all related to episodes of rapid swallowing. Figure 4 illustrates both the variation in swallow interval while eating the bread and the association between short swallow intervals and dysphagia. Figure 1 showing lack ofperistalsis associated with rapid swallowing (patient 21). Dysphagia was first reported at the point indicated. patterns of oesophageal motility and observed a high incidence of both non-conducted swallows and synchronous contractions during eating in both normal subjects and patients.
Symptomatic motility disturbances are thought to be associated with either an increase in the amplitude or duration of peristaltic contractions or with increased synchronous activity.' 7 2 '-224 In the study by Mellow, contractile patterns during eating were examined in five patients known to have motility disorders. Oesophageal dysmotility was accentuated on eating. Mellow's original study has now been extended, with manometry being performed during food ingestion in 100 consecutive patients with chest pain and/or dysphagia." Many of these patients had manometric abnormalities during conventional manometry with water swallows, however, whereas we have excluded such patients and studied those who either had normal conventional oesophageal function tests, or gastro-oesophageal reflux. None of our patients experienced symptoms during conventional manometry.
As shown in Figure 1 , painful dysphagia in one of our patients was apparently caused by oesophageal 'spasm' in response to eating the bread -an abnormality which had not been apparent during manometry with swallowing water (Fig. 1) . This patient thus displayed the classical type of positive response to a provocation test. In the other eight patients with dysphagia, however (three of whom also had pain during eating), symptoms were associated with aperistalsis. Non-propagated contractions and non-conducted swallows were more frequent during these periods. Direct observation of the patients suggested that loss of peristaltic activity preceded the perception of dysphagia or pain.
Inhibition of normal oesophageal peristalsis may have arisen as a result of rapid swallowing, through 'deglutitive inhibition'. This term has been used to refer to the inhibitory effect of one swallow on the contractile effects of a previous swallow but Vanek and Diamant26 recently studied the interactions between closely spaced paired water swallows in healthy volunteers, thereby extending previous studies of this phenomenon.7-92 They showed that there is, in fact, mutual interference between closely spaced paired swallows. The pattern of inhibition is critically dependent upon bolus size and the time interval between swallows. Swallow intervals of less than four seconds produce inhibition of a first contraction by a second swallow. As the swallow interval increases to between six and eight seconds the first wave is still arrested in its progress down the oesophagus, but the second contraction is replaced by a low amplitude non-peristaltic wave. During normal eating, bolus size and swallow interval must inevitably vary over short periods of time and small changes in swallow interval should therefore be expected to produce marked changes in contraction patterns, particularly with swallow intervals in the range of four to eight seconds. The small increase in mean swallow frequency we observed (from 7-5 to 9-0 per minute) would therefore be sufficient to explain the significant increase in the proportion of aperistaltic swallows seen during the symptomatic periods.
While aperistalsis might account for dysphagia, the cause of the discomfort, or pain, is less clear. Pain may have arisen, however, from oesophageal distension by boluses of bread. Recent studies have shown that balloon distension of the oesophagus may cause pain and that some patients seem to have a low threshold for the perception of stretch."' Balloon distension of the proximal oesophagus also inhibits distal oesophageal motility.3' Gastro-oesophageal reflux must also be considered as a possible cause of pain during eating. Distal sphincter relaxation, aperistalsis and the semirecumbency of our patients would have predisposed to reflux. Indeed, nine of the 20 reflux patients experienced symptoms whilst eating compared with one of the 10 patients in group A. Against reflux as the cause of our patients' symptoms, however, is the fact that oesophageal acid instillation has been shown to enhance, not suppress peristaltic contractions. '24 Our results indicate a need for further study of oesophageal motor patterns during eating. Not only does eating provoke symptoms in a significant proportion of patients, but the importance of swallow frequency in relation to apparently abnormal patterns of esophageal motility has not hitherto received sufficient emphasis. It would appear that rapid swallowing during eating can cause aperistalsis and that this, in turn, can be associated with dysphagia, perhaps as cause and effect. This phenomenon is not recognised when swallow intervals are so timed as to avoid the occurrence of 'deglutitive inhibition' as in conventional diagnostic manometry. 
